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Figure S1 show calibration of our reference electrode (SCE) with RHE.
Therefore, from E(SCE) = 0242 + E Hg/Hg,Cl, + 0.059*pH, SCE = 0.242 V
E(SCE) = 0242 + E Hg/Hg,Cl, + 0.059*pH

E(RHE) = E(SCE) + E Hg/Hg,Cl, + 0.059*pH ~ 0.260 V

E(RHE) = 0.260 V, the contribution of small voltage about 18 mV is may be from pH of 0.5 M
H,SO, and E Hg/Hg,Cl,.

E(RHE) = E(SCE) + 0.260 V
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Figure S1 Cyclic Voltammetry calibration curve of SCE to RHE
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Figure S2 (a) SEM images of (a) untreated WOxNWs/N-rGO, (b) different heat treatment
temperatures at (b) 700 °C , (c¢) 800 °C, and (d) 900 °C for WOxNWs/N-rGO.
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Figure S3 SEM images of the catalyst synthesized with glycerol for (a) WOxNWs (c)
WOxNWs/rGO , and (¢) WOxNWs/N-rGO, and without addition of glycerol for (b) WOxNWs,
(d) WOxNWs/rGO, and (f) WOxNWs/N-rGO.
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Figure S4 XRD patterns of WOxNWs/N-rGO at different annealing temperatures.
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Figure S5 (a) Polarization curves and (b) EIS spectra of WOxNWs/N-rGO at different annealing

temperatures.
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Figure S6 The effect of melamine amount or % N for HER activity of WOxNWs/N-rGO

In addition of XPS and Raman the presence of oxygen vacancies were investigated by UV-Vis. as clearly
depicted in Figure S7. The WOXxNWs/N-rGO shows a large absorption tail in the range of 500—1000 nm,
strongly demonstrating the existence of a large amount of oxygen vacancies in WOxNWs/N-rGO

compared to other composites.
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Figure S7 UV-Vis spectroscopy of WOXxNWs,WOxNWs/rGO, WOxNWs/N-rGO, rGO and N-
rGO
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Figure S8 CV curves of (a) WOXxNWs/N-rGO, (b) WOxNWs/rGO, and (c) WOxNWs at different

scan rates; (d) current density vs. scan rates of different catalysts.
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Figure S9 EIS spectra of (a) WOxNWs/N-rGO, (b) WOxNWSs/rGO, and (¢) WOxNWs at

different overpotentials.

The morphology change before and after stability test is very important to understand robustness
of the catalyst. The SEM image for WOxNWs/N-rGO before and after stability test is shown in
(Figure S10 (a and b). Accordingly, after 12 hours stability test in 0.5 M H,SO, clearly shows
that many nanowires are still existed and also seems aggregate. The aggregation might be due to

the Nafion binder. Therefore, the catalyst is still robust in acidic media after long time stability

test.
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Figure S10 SEM image of WOxNWS/N-rGO (a) before and (b) after 12 h of stability test

In order to, further understand crystallinity, of the catalyst after 12 h stability test, XRD for
WOxNWs/N-rGO was done by scratch from glassy carbon electrode (GCE) after stability test for
several times. Figure S11 is XRD pattern of WOxNWs/N-rGO before and after stability test and
the peaks become a little bit broaden and (011) peak become intense this may be due to the decrease
in particle size and leaching of carbon matrix from WOxNWs during stability measurement,

respectively[1].
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Figure S11 XRD pattern of WOxNWS/NrGO before stability test and after stability test

To understand the elemental composition after stability test XPS of WOxNWs/N-rGO have been
done. Figure S12 (a) clearly shows that the existence of all elements after stability test and Fls
intense peak is from Nafion binder because we use nafion to bind our catalyst on glassy carbon
electrode . The N1s peak is very small, this may due to some carbon was leached after long time
exposure in harsh acidic environment. The Figure S12 (b) is a narrow scan of tungsten before and
after stability test and no obvious intensity decrease in the peaks indicates that tungsten after
stability test are mainly WOxXxNWs. Moreover, no noticeable peak shift was observed on the W 4f
XPS spectrum of after stability test in comparison to that of the fresh sample, suggesting the

majority of O-vacancies are preserved during the HER.

11



(a) (b)

F1s
—— WOxNWSs/N-rGO, after stability test

WOXNWSs/N-rGO before stability test

Intensity (a.u)
Intensity (a.u)

WOXNWs/N-rGO after stability test

800 66_0 _' 400 200 0 42 40 38 36 34 32
Binding energy (eV) Binding energy (eV)

Figure S12 (a) XPS wide-scan sprectrum of WOxNWS/NrGO after stability test (b) XPS
narrow-scan spectra of tungsten in WOxNWs/N-rGO before and after stability test.
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Table S1 Summary of some tungsten-based and other non-precious metals catalyst for HER in 0.5 M

H,SO,
Catalyst mass loading Tafel slope  Overpotential Exchange Ref.
(mgem D)  (mVdec') (mV)atl0mA  current density
em (mA cm_z)

Fe@FeP/CNT 1.6 55 530 e [2]

[3]
WON/CC 7.7 52 130 e

[4]
WP/CC 2 69 125 0.29
wo,, 0.285 50 70 0.4 (5]
WO,/W 22 74.5 120 e [6]
WO,/ CNF 0.21 89 185 0.239 7]
(MWCMN5s) 0.35 46 58 0.46 [8]
RV ¢l o J— 54 85 0.35 [9]
W-Mo-0/rGO 0.12 46 50 e [10]
WS /SNC 0.36 66 9% e [11]
Mo-W O g 0.16 S [12]
wc/ee - 55 118 0.0165 [13]
NiP193Sep07 - 42 107 — [14]
CoS|P/CNTs - 55 64 - [15]
WOxNWs/N- 0.51 38.2 40 1.46 This
rGO work
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